Due to the urgent need of differentiation of infected from vaccinated animals in control and eradication of classical swine fever (CSF) and the shortcomings of current differential diagnostic tools, this study is aiming to establish a RT-nestPCR assay for differential detection of wild-type viruses and lapinized Chinese vaccine strain (C-strain) of classical swine fever virus (CSFV) of high sensitivity. Two pairs of CSFV-specific primers were designed in the conservative regions of NS5B (a non-structural protein encoded by the CSFV genome, which performs the RNA dependent RNA polymerase activity) and 3′ un-translated regions (3′-UTR) to encompass the T-rich insertion uniquely existing in the 3′-UTR of C-strain genome. Thus the amplification fragment of C-strain is longer than that of the wild-type viruses for it contains the T-rich insertion region. Two pairs of primers were used in combination and the wild-type viruses and C-strain of CSFV could be detected and accurately distinguished with a high sensitivity through super fine resolution (SFR) argarose gel electrophoresis that displays the different lengths of the amplicons. The detection limit of the C-strain and Shimen strain were respectively 4.5×10 -2 pg and 3.2×10 -2 pg of viral RNA. The results of the specificity test showed that this method can detect different strains of CSFV without amplifying other non-CSFV pathogens. The results of the detection of 400 clinical samples indicated that 16 samples were CSFV positive in total; in which 4 samples were C-Strain positive and 12 were wild-type CSFV positive. The total CSFV positive rate was 4%. The detection results of the 14 batches of C-Strain vaccines showed that all samples displayed bands of C-Strain amplicons in the SFR argarose gel electrophoresis and all vaccines were free of wild-type virus contamination. In conclusion, the RT-nestPCR assay established in the present study could supply a sensitive and specific test method for distinguishing wild-type CSFV infected animals from those vaccinated with C-strain vaccines in the field.
Introduction
Classical swine fever (CSF) is a highly contagious multisystem, hemorrhagic swine disease caused by classical swine fever virus (CSFV). Clinical syndromes of various stages and severity from acute death to silent infection can be observed (van Oirschot, 2003) . Classical swine fever virus (CSFV) is currently classified as a member of the genus Pestivirus in the family Flaviviridae, of a close phylogenetic relationship with bovine viral diarrhea virus species 1 (BVDV-1), bovine viral diarrhea virus species 2 (BVDV-2), the ovine border disease virus (BDV) (Fauquet & Mayo, 2001; Mayo & Haenni, 2006) . CSFV is an enveloped virus with a single-stranded positive sense RNA genome containing only one open reading frame (ORF) which encodes a polyprotein of about 4000-amino-acid. The viral genome is of 12.5 kb in size with one highly conserved un-translated region (UTR) at 5′and 3′end respectively. The polyprotein encoded by the genome is further processed into 12 proteins or polypeptides by viral and cellular proteases during or after the translation (Greiser-Wilke et al., 2006) . Currently, CSF is the major impediment in the international trade of pork related products. Extremely serious economic loss can be caused due to the outbreak of CSF. For instance, in Netherland, over 10 million pigs were slaughtered during 1997 and 1998 due to the catastrophic epidemic of CSF (Moennig, 2000) . In the present, the mostly used detection methods of CSF pathogens are conventional RT-PCR, antigen capture ELISA, virus isolation (VI), immunofluorescence assay (FA), indirect-immunofluorescence assay (IFA) and immunoperoxidase assay (IPA) (Depner et al., 1995; Dewulf et al., 2004; Haegeman et al., 2006; Handel et al., 2004) etc. Nevertheless, these methods are either comparatively less sensitive or incapable of differential detection of pigs vaccinated with CSFV vaccines or infected with wild-type viruses. Currently, the major procedure for control and prevention of CSF in mainland China is through massive mandatory vaccination of C-Strain vaccine (Qiu, 2006) . However, the vaccine viruses can persist in pigs for a relatively long period of time after vaccination (Lorena et al., 2001 ). Therefore, the major problem faced by the breeding swine farms in the process of CSF eradication is the differentiation of pigs vaccinated with CSFV vaccines or infected with wild-type viruses. Furthermore, The clinical picture of CSFV infection is highly variable and influenced by various viral and host factors, such as virulence of the virus, age of the pig, and time of the infection (pre or post-natal) (Liu et al., 2007) . Consequently, the establishment of a rapid and highly sensitive laboratory diagnostic method which is also capable of differential detection of CSFV C-strain vaccine and wild-type viruses is essential for the control, prevention and eradication of CSF in mainland China.
Detection of CSFV, BVDV and BDV using conventional RT-PCR can be achieved through designing specific primers (Canal et al., 1996) . The differential detection of CSFV vaccine viruses, wild-type viruses and certain other pestiviruses can also be archived by conducting restriction endonuclease cleavage of PCR amplicons after the RT-PCR amplification (Vilcek & Belak, 1998; Vilcek et al., 1994) . A multiplex nested RT-PCR (Li et al., 2007) and a multiplex real-time RT-PCR (Zhao et al., 2008) for differential diagnostic of wild-type viruses and the C-strain vaccine were also described. Obviously, detection of the viral nucleic acid by PCR satisfies the need of high speed and high sensitivity, and therefore it has been widely used for clinical diagnostic purposes (Liu et al., 2007) . By conducting a second round nested PCR, the sensitivity of the conventional PCR assay can be greatly enhanced, compared to virus isolation, CSFV can be detected 2.8 days earlier and during a longer period in whole blood samples of the infected pigs (Dewulf et al., 2004) .
The differential detection of CSFV vaccine and wild-type viruses is of great significance for clinical detection of CSFV, eradication of CSF in breeding swine farms and purity test of CSFV vaccines (Sun et al., 2011a; Sun et al., 2011b; Sun et al., 2010a; Sun et al., 2010b; Tu et al., 2001; Zhu et al., 2009) . Taking into account the limited sensitivity of conventional RT-PCR and the restriction endonuclease cleavage of PCR amplicons after the RT-PCR reaction is laborious, time consuming and easy to get contaminated, therefore, it is essential to establish a differential diagnostic technique with high sensitivity (Dewulf et al., 2004; Haegeman et al., 2006; Hoffmann et al., 2009; Vilcek & Belak, 1998) .
The CSFV C-strain vaccines are currently the most widely used vaccines in the world for the immunization of pigs against CSFV (Qiu, 2006) . Through sequence analysis, a significant T-rich insertion of typically 12 nucleotides (nt) in length (CTTTTTTCTTTT) was recognized in the 3′-UTR of the C-strain vaccine viral genomes, and this T-rich insertion is absent in the CSFV wild-type viruses viral genomes (Moormann et al., 1996; Nie et al., 2001; Wong et al., 2001; Wu et al., 2001) . Clearly, the typically 12nt T-rich insertion is a distinctive marker in discrimination of CSFV C-strain vaccine and wild-type viruses.
In this study, a simple, rapid RT-nestPCR assay was developed by designing specific outer and inner primer pairs used in combination outside the T-rich insertion region of C-strain vaccine viral genome, and the usefulness of this method in routine clinical diagnosis of animals infected with CSFV was determined. The assay was not only able to detect CSFV with high sensitivity, but also able to distinguish wild-type virus infections from vaccine strain vaccinations. It can also provide a convenient method for detection of CSFV wild-type viruses' contaminations in the CSFV vaccines.
Materials and Methods

Viruses, Vaccines and Clinical Samples
Viruses, vaccine strain and mycoplasma strains (Supplied by China Veterinary Culture Collection Center in China Institute of Veterinary Drug Control) used in this study are listed in Table 1 . 400 tonsil tissue samples in total were collected alive from clinical healthy pigs from different breeding swine farms in Henan, Hebei and Shandong Province in Northern China. The tissues were homogenized using the MagNA Lyser bead beater (Roche, Switzerland) according to the existing protocol (Ophuis et al., 2006) . The homogenate was stored in -70 ºC before use. A total of 14 batches of C-strain vaccines from different manufacturers were used in this study. All the vaccines were dissolved in 3 mL vaccine dilution and stored in -20 ºC before use. 
Primer Design
The whole genome sequences of 57 CSFV strains and isolates, 18 BVDV strains and isolates, 7 BDV strains and isolates retrieved from GenBank were aligned by MEGA 5.05 software using Clustal W algorithm. The T-rich insertion was found exclusively in the 3′-UTR of C-strain vaccine viral genome as expected ( Figure 1 , partial sequence alignment of CSFV viral genomes is shown, sequence alignments of BVDV viral genomes and BDV viral genomes are not shown). Two pairs of primers were designed in the conservative regions of NS5B and 3′-UTR regions based on the sequence analysis to encompass the T-rich insertion region so that the PCR and nested PCR amplicons of the C-strain vaccine are longer than that of wild-type viruses for the T-rich insertion regions are absent in the 3′-UTR of the wild-type viruses viral genomes ( Figure 2 ). 
Optimization of PCR and Nested-PCR Conditions
The annealing temperatures of PCR and nested PCR reactions were optimized respectively by setting temperature gradients. The concentrations of different reagents in the PCR and nested PCR reaction mixes were also optimized respectively with orthogonal experimental design, including the concentrations of Hot Start Taq DNA polymerase (TaKaRa, China), dNTPs and primer pairs.
The amplified products were analyzed by electrophoresis through 4% (w/v) super fine resolution (SFR) agarose gel (Amresco, Germany) that contained 1 mg/ml GelRed DNA gel stain (Biotium, USA) in 0.5×Tris-Borate -EDTA (TBE) solution and photographed.
Sensitivity and Specificity Tests
The viral RNA of CSFV C-strain vaccine and Shimen strain virus were extracted respectively, and the concentrations of RNA were measured on ND-1000. A 10-fold serial dilution of viral RNA using RNase-free water was executed to assess the sensitivity of the RT-nestPCR. The amplified products were analyzed by electrophoresis and photographed.
In the specificity test, viruses of different strains and isolates of CSFV, BVDV, PRRSV, PPV, PrV, PEDV, PEGV, PCV-2, PRV and common mycoplasma strains of M. bovis, Ora, Mho, normal cell culture supernatants (PK-15 cell, ST cell) were detected by the RT-nestPCR assay. The amplified products were analyzed by electrophoresis and photographed. The PCR products of expecting size were purified by using the QIAQuick gel extraction Kit (QIAGEN, Germany) through gel extraction, and the purified DNA was then cloned into pMD-18T vector (TaKaRa, China) and sequenced by Invitrogen Co. to evaluate the specificity of the assay.
Detection and Differentiation of CSFV C-strain Vaccine and Wild-Type Viruses in Clinical Samples and Manufactured C-Strain Vaccines by RT-NestPCR Assay
400 tonsil tissue samples in total were collected alive from clinical healthy pigs from different breeding swine farms in Henan, Hebei and Shandong province in northern China and a total of 14 batches of C-strain vaccines from different manufacturers were determined by the RT-nestPCR amplification to distinguish the C-strain vaccines from wild-type viruses in the tested samples. The amplified products were analyzed by electrophoresis and photographed. The nested PCR products of expecting size were purified by using the QIAQuick gel extraction Kit (QIAGEN, Germany) through gel extraction, and the purified DNA was cloned into pMD-18T vector and sequenced by Invitrogen Co. for further identification.
Results
Optimization of PCR and Nested PCR Conditions
The annealing temperatures of PCR and nested PCR reactions were optimized by setting temperature gradients (Figures 3 and 4) . The concentrations of Hot Start Taq DNA polymerase (TaKaRa, China), dNTPs and primer pairs of PCR and nested PCR reactions were optimized according to the setup of the orthogonal test table L 16 (4 5 ), respectively ( Figures 5 and 6 ). The orthogonal test table was not shown.
The optimized PCR reaction was performed in a final volume of 50 µL containing 5µL of 10×PCR Buffer (Mg 2+ Plus); 5 µL of dNTPs Mixture (each 2.5 mM); 2 µL of CSFV-Out-2-F (10 µM); 2µL of CSFV-Out-2-R (10 µM); 4U of Hot Start Taq DNA polymerase (TaKaRa, China); 5 µL of synthesized cDNA. The amplifications were performed in a TProfessional Thermocycler (Biometra, Germany) using the following steps: after an initial denaturation at 95 ºC for 1min, 25 cycles at 94 ºC for 30 s, 54 ºC for 30 s and 72 ºC for 30 s, followed by a final extension at 72 ºC for 10 min.
The optimized nested PCR reaction was performed in a final volume of 50 µL containing 5 µL of 10×PCR Buffer (Mg 2+ Plus); 4 µL of dNTPs Mixture (each 2.5 mM); 3 µL of CSFV-Out-2-F (10 µM); 3µL of CSFV-Out-2-R (10 µM); 1.5 U of Hot Start Taq DNA polymerase (TaKaRa, China); 1 µL of first round PCR Products. The amplifications were performed in the same thermo cycler using the following steps: after an initial denaturation at 95 ºC for 3 min, 35 cycles at 94 ºC for 30 s, 56 ºC for 30 s and 72 ºC for 20 s, followed by a final extension at 72 ºC for 10 min. 
Sensitivity Test
The viral RNA of CSFV C-strain vaccine and Shimen strain virus were extracted respectively, and the concentrations of RNA were measured on ND-1000. 10-fold serial dilutions of the viral RNA (10 0 -10 -7 ) were performed and amplified by the RT-nestPCR respectively. The detection limit of RT-nestPCR assay to CSFV 
Specificity Test
Viruses of different strains and isolates of CSFV, BVDV, PRRSV, PPV, PrV, PEDV, PEGV, PCV-2, PRV and common mycoplasma strains of M.bovis, Ora, Mho, normal cell culture supernatants (PK-15 cell, ST cell) were detected by the RT-nestPCR assay. Fragments of expecting sizes were amplified from different strains and isolates of CSFV and no amplification was observed from BVDV, PRRSV, PPV, PrV, PEDV, PEGV, PCV-2, PRV and common mycoplasma strains of M.bovis, Ora, and Mho, normal cell culture supernatant (Figure 9 ). The nested PCR products of C-strain vaccine could be clearly distinguished from those of the CSFV wild-type viruses in 4% SFR agarose gels electrophoresis. The sequences of the nested PCR products of expecting size were identical to the target sequences through sequence analysis with BLAST (Altschul et al., 1990) . A T-rich insertion of 16nt was found in the 3′-UTR of the CSFV C-strain vaccine. The T-rich insertion was absent in the 3′-UTR of the CSFV wild-type viruses Shimen strain, Heb isolate, SX isolate and BJ isolate. 
Detection and Differentiation of CSFV C-strain Vaccine and Wild-Type Viruses in Clinical Samples and Manufactured C-Strain Vaccines by RT-NestPCR Assay
A total of 400 tonsil tissue samples and 14 batches of C-strain vaccines from different manufacturers were tested in this study. Among the 400 clinical samples, 12 samples were detected positive for CSFV wild-type viruses and 4 samples were detected positive for CSFV C-strain vaccines (Figures 10 and 11 ). All the 14 batches of C-strain vaccines were detected positive for C-strain vaccine and free of CSFV wild-type viruses' contamination ( Figure  12 ). The sequences of the nested PCR products of expecting size supported the results of the RT-nestPCR assay through nucleotide sequence alignment by MEGA 5.05 Software (MUSCLE algorithm). The T-rich insertions were uniquely found in the 3′-UTR of the 4 CSFV C-strain vaccines and absent in the 3′-UTR of the 12 CSFV wild-type viruses identified by the RT-nestPCR assay (Figures 13 and 14) . 
Discussion
A lapinized hog cholera vaccine, now well known as "C-strain" was developed by a group of scientists of China Institute of Veterinary Drug Control in the middle 1950's. This vaccine was generated by passing the highly virulent parent Shimen strain in rabbits for several hundred passages. There exist several versions of C-strain for 2, No. 3; 2013 vaccine production and basic research, but in most cases, C-strain refers to the Chinese lapinized hog cholera vaccine (Qiu, 2006) . The C-strain vaccine has been put into massive use in mainland China for nearly 60 years, demonstrated desirable safety, efficacy and stability. Numerous evidences have proven this vaccine is of high efficacy, providing immunized animals with broad-spectrum, sometimes lifelong, protection, which is contributed by both cell-mediated immunity and humoral immunity of vaccinated pigs, effectively against all genotypes or subgenotypes of the viruses (Qiu, 2006) . However, the vaccine viruses can persist in pigs for a relatively long period of time after vaccination (Lorena et al., 2001) . Data from National Classical Swine Fever Reference Laboratory (China) indicated that the C-strain vaccine can still be detected in pig tonsils 42 days after vaccination using a real time RT-PCR assay and RT-nestPCR assay established in this study (not shown, unpublished) . This phenomenon can greatly interfere with the detection of CSFV wild-type virus infection. Therefore, the development of a reliable and accurate differential diagnostic tool for C-strain vaccine and wild-type virus is of significant importance.
The RT-nestPCR assay developed in this study can distinguish CSFV C-strain vaccine from wild-type viruses accurately and rapidly. The primer pairs were designed on the conservative regions of NS5B and 3′-UTR regions of CSFV genomes after sequence comparison and alignment. The nested PCR products were analyzed by electrophoresis through 4% (w/v) super fine resolution (SFR) agarose gel and the C-strain vaccine and the wild-type virus can be accurately distinguished. The detection limit of RT-nestPCR assay to CSFV C-strain vaccine and Shimen strain virus were 4.5×10 -2 pg and 3.2×10 -2 pg of viral RNA respectively. The assay is of high sensitivity and can detect early stage infection. In current study, 4 clinical samples were C-strain vaccine positive and 12 clinical samples were wild-type virus positive detected by the RT-nestPCR assay among 400 tonsil tissue samples. All the nested PCR products of 16 positive samples were cloned into vectors after purification and sequenced. The results demonstrated that the T-rich insertion regions were found in the sequences of 4 C-strain vaccine positive samples, and the sequences of 12 wild-type virus positive samples were free of the T-rich insertion which further approved the accuracy of differential detection of the RT-nestPCR assay.
The results of the sequencing of the nested PCR products also demonstrated that the length of T-rich insertion is not universally of 12nt which are shown both in Figures 13 and 14 , the lengths of the T-rich insertions of the 4 CSFV C-strain vaccines detected from the clinical samples are not the same, some are longer than 12nt. This phenomenon has been previously reported (Fan, 2011) , and the same phenomenon also existed on the CSFV Thiverval strain vaccine. The length of T-rich insertion is of distinct heterogeneity in the same strain. RNA viruses will generate a diverse mutant repertoire within several generations for they replicate at a high mutation rate and a complex mutant distributions termed as viral quasispecies can be formed (Woo & Reifman, 2012) . According to population genetics, the frequency of a given variant in a population is mainly determined by its fitness reflected by its ability of survival and proliferation (Lauring & Andino, 2010) . Among the tested vaccines, 7 batches were produced in rabbits and 7 batches were produced by cell culture. As shown by Figure 12 , the nested PCR products of Lane 3, Lane 6-10, Lane 16 belong to the vaccines produced in rabbits and the nested PCR products of Lane 4-5, Lane 11-15 belong to the vaccines produced by cell culture. The sizes of nested PCR products of the 14 batches of C-strain vaccines are not identical, slight differences can be observed. In Figure 12 , the nested PCR products of Lane 3, Lane 6-10, Lane 16 are relatively smaller than that of Lane 4-5, Lane 11-15. The results indicated that the length of T-rich insertion of C-strain vaccines produced in rabbits maybe shorter than that of C-strain vaccines produced by cell culture. It is known that the virus titer of vaccines produced in rabbits is much lower than that of vaccines produced by cell culture which may indicate that C-strain vaccines produced by cell culture are more adaptable to propagate on cell lines. Therefore, it can be speculated that in the case of CSFV C-strain vaccine culture, the T-rich insertion was formed at a certain point of the passages of the vaccine strain to meet the need of fitness, and the relatively long T-rich insertion seems to be able to increase the adaptability to cell culture of the vaccine virus which is indicated by the titer of virus.
Different Taqman real time RT-PCR assays have been reported to detect C-strain vaccines or/and wild-type viruses (Cheng et al., 2008; Depner et al., 2007; Eberling et al., 2011; Hoffmann et al., 2011; Pérez et al., 2011) . The Taqman probes were designed based on the mutations of single or multiple positions of the target nucleotide sequences and can detect single nucleotide polymorphism (SNP). Recently, a triplex TaqMan real time RT-PCR assay for detection of different strains of CSFV has been reported (Zhang et al., 2012) . Real time PCR assay is of high sensitivity, high throughout. However, the false positive occurred in the practical application of real time PCR is inevitable (Risatti et al., 2005) . More importantly, TaqMan probe is extremely specific to target sequence, especially the TaqMaq MGB probe; one single mismatch will make the probe unable to hybridize with its complementary target. The genomes of CSFV wild-type viruses have a high mutation rate on certain positions due to host immune selection pressure and high error rate of RNA dependent RNA polymerase. Therefore, a www.ccsenet.org/sar Sustainable Agriculture Research Vol. 2, No. 3; 2013 single TaqMan probe is unable to include all strains and isolates of CSFV wild-type viruses. The detection scope of real time PCR is then limited. In current study, degenerate bases were added in the primers to increase the detection scope in amplifying different strains and isolates of CSFV while without amplifying other non-CSFV viruses, especially the closely related pestiviruses. Degenerate bases are a group of bases that have the unique ability to substitute any of the four normal bases (A, G, T, and C) without substantially interfering the interactions of the neighboring base-pairs or disrupting the expected function of the modified oligonucleotides. Degenerate bases can be added into the Oligonucleotides and function as common PCR primers. For instance, the purine (A or G) analogue N 6 -methoxy-2, 6-diaminopurine can pair with T or C instead of just one. Therefore, compared to real time RT-PCR, the RT-nestPCR assay established in this study has a broader detection scope.
In the detection of 400 clinical samples, 12 samples were detected positive for CSFV wild-type viruses and 4 samples were detected positive for CSFV C-strain vaccine, the total positive rate is 4%. CSFV positive rate in clinical healthy pigs in GuanXi province of Southern China has been reported before, it's about 3% (Luo et al., 2011) . The results indicated that C-strain vaccine can exist in pigs for a long period of time after vaccination, and persistently infected clinically healthy pigs exist in different breeding swine farms. The existence of persistently infected pigs is a major impediment in eradication of CSFV.
The RT-nestPCR assay established in this study is of broad detection scope, high sensitivity and high specificity. It can provide a rapid diagnostic tool for differential detection of pigs infected with wild-type viruses and those vaccinated with C-strain vaccines in the field. It can also provide a sensitive tool for purity test of C-strain vaccine manufacturing.
